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B&P File No. 9369-287 

Title: METHODS FOR PREPARING OIL BODIES COMPRISING ACTIVE 
INGREDIENTS 

5 FIELD OF THE INVENTION 

The present invention provides novel emulsions that comprise oil 
bodies. The invention also relates to novel methods for generating 
formulations comprising oil bodies and active agents wherein the active 
ingredient is partitioned into the oil body. The methods are particularly useful 
10 for generating emulsions with either hydrophobic or amphipathic biologically 
active agents. 

BACKGROUND OF THE INVENTION 

In the seeds of oilseed crops, which include economically important 
crops, such as soybean, rapeseed, sunflower, safflower and palm, the water 

15 insoluble oil fraction is stored in discrete subcellular structures variously 
known in the art as oil bodies, oleosomes, lipid bodies or spherosomes 
(Huang 1992, Ann. Rev. Plant Mol. Biol. 43: 177-200). Besides a mixture of 
oils (triacylglycerides), which chemically are defined as glycerol esters of fatty 
acids, oil bodies comprise phospholipids and a number of associated 

20 proteins, collectively termed oil body proteins. From a structural point of view, 
oil bodies are considered to be a triacylglyceride matrix encapsulated by a 
monolayer of phospholipids in which oil body proteins are embedded (Huang, 
1992, Ann. Rev. Plant Mol. Biol. 43: 177-200). The seed oil present in the oil 
body fraction of plant species is a mixture of various triacylglycerides, of 

25 which the exact composition depends on the plant species from which the oil 
is derived. It has become possible through a combination of classical 
breeding and genetic engineering techniques, to manipulate the oil profile of 
seeds and expand on the naturally available repertoire of plant oil 
compositions. For an overview of the ongoing efforts in his area, see 

30 Designer Oil Crops/Breeding, Processing and Biotechnology, D. J. Murphy 
Ed., 1994, VCH Verlagsgesellschaft, Weinheim, Germany. 
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Plant seed oils are used in a variety of industrial applications. In order 
to obtain the plant oils used in these applications, seeds are crushed or 
pressed and subsequently refined using processes such as organic 
extraction, degumming, neutralization, bleaching and filtering. Aqueous 
5 extraction Of plant oil seeds has also been documented (for example, Embong 
and Jelen, 1977, Can. Inst. Food Sci. Technol. J. 10: 239 - 243). Since the 
objective of the processes taught by the prior art is to obtain pure oil, oil 
bodies in the course of these production processes lose their structural 
integrity. Thus, the prior art emulsions formulated from plant oils generally do 
10 not comprise intact oil bodies. 

United States patents 5.683J40 to Voultoury et a/, and 5,613,583 to 
Voultoury et al. disclose emulsions comprising lipid vesicles that have been 
prepared from crushed oleagenous plant seeds. In the course of the crushing 
process described in these patents, oil bodies substantially lose their 
15 structural integrity. Accordingly, it disclosed that in the crushing process, 70% 
to 90% of the seed oil is released in the form of free oil. Thus the emulsions, 
which are the subject matter of these patents, are prepared from crushed 
seeds from which a substantial amount of free oil has been released while the 
structural integrity of the oil bodies is substantially lost. In addition, the 
20 emulsions disclosed in both of these patents are prepared from relatively 
crude seed extracts and comprise numerous endogenous seed components 
including glycosylated and non-glycosylated non-oil body seed proteins. It is 
a disadvantage of the emulsions to which these patents relate that they 
comprise contaminating seed components imparting a variety of undesirable 
25 properties, which may include allergenicity and undesirable odour, flavour, 
colour and organoleptic characteristics, to the emulsions. Due to the 
presence of seed contaminants, the emulsions disclosed in these patents 
have limited applications. 

A non-destructive preparation of oil bodies is disclosed by Deckers et 
30 a/. (US Patent 6,183,762, 6,210,742, 6,146,645, 6,372,234, 6,582,710. US 
2002/0114820, 6,596,287, US 2002/0071852, US 2002/0106337 and 



-3- 



6,599,513). In accordance with these patents and patent applications a 
purified preparation of oil bodies is collected as a natural emulsion and further 
emulsions may be prepared in the presence of a multiplicity of other 
substances in order to achieve a desirable balance of emulsification, 

S viscosity, stability and appearance in order to render the emulsions suitable 
for inter alia cosmetic, pharmaceutical and food applications. Additional 
ingredients to achieve these characteristics may include water, emulsifiers, 
stabilizers, thickening or thinning agents, preservatives, fragrances or other 
additives. Of particular interest are oil body preparations containing active 

10 ingredients. While simply mixing the active ingredient of interest with the oil 
body emulsion may result in an acceptable oil body preparation, jt is 
particularly desirable to prepare oil body emulsions comprising active 
ingredients which partition selectively with the oil body. For example, 
traditionally unstable actives may be stabilized when partitioned into the core 

15 of an oil body. Furthermore, in oil body formulations which are used for topical 
application to the human skin, the delivery characteristics of the active 
ingredient to the human skin may be modulated when the active is partitioned 
into the oil body. While simple mixing in accordance with the above 
mentioned Deckers patents may promote some partitioning of the active 

20 ingredient, frequently no partitioning is achieved or the partitioning of the 
active ingredient is sub-optimal. To be considered partitioned, actives must be 
in physical contact with the oil body by bonding or some other affiliation and 
must partition with the oil body. 

Thus, there is a need in the art for facilitating the partitioning of actives. 

25 including for example, traditionally unstable actives, into intact oil bodies. 
SUMMARY OF THE INVENTION 

The herein mentioned invention provides for one or more hydrophobic 
and/or amphipathic actives of interest to be partitioned into the internal oil 
core, onto the lipid membrane, into the lipid membrane or attached to the 

30 external surface of the lipid membrane of the oil body. 
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Herein described is a new system for improved oil body partitioning. 
The system involves the use of two-solvents and solublization of an active 
resulting in the blending of the active and the oil body emulsion. The system 
is more complex than mixing the oil body emulsions with the active 

5 ingredients and results in increased active partitioning onto or into the oil 
bodies. This is especially useful for partitioning solid and semi-solid, 
hydrophobic and amphipathic molecules that are particularly difficult to 
solubilize; often requiring the use of organic solvents. Removal of the first 
solvent can be performed in an optional step when this solvent is incompatible 

10 or undesirable in the final product. Finally, the active and solvents are blended 
and partitioned into the oil bodies. 

The present invention relates to novel methods for generating 
formulations comprising oil bodies and active agents wherein the active agent 
is partitioned into the oil body. Presently, the inventors have discovered novel 

15 methods for preparing oil bodies comprising active agents, including actives 
that are reactive and unstable in current formulations. Broadly stated, the 
present invention provides methods for formulating emulsions containing 
active agents partitioned into oil bodies, wherein they are stabilized and 
readily available for topical or oral delivery. 

20 Accordingly, the present invention provides a method of partitioning an 

active agent into oil bodies comprising: 

a) dissolving the active agent in a first solvent; 

b) mixing the dissolved agent with a second solvent; and 

c) contacting the solvent mixture with oil bodies to 
25 partition the active agent into the oil bodies. 

In a preferred embodiment of the invention, the active agent does not 
partition into oil bodies when contacted with the oil bodies in the absence of a 
solvent or when the active agent is preferably dissolved in the first solvent. In 
a further preferred embodiment of the invention, the active agent is selected 
30 from the group of active agents consisting of hydrophobic molecules and 
amphipathic molecules. 
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ln a further preferred embodiment of the present invention, the first 
solvent is ah organic solvent. Preferably, the first solvent is substantially 
removed by evaporation or substantially reduced in volume by dilution after 
mixing with the second solvent. 

5 In yet a further preferred embodiment of the invention, the second 

solvent is selected from the group of solvents consisting of water, aqueous 
buffer, oils, fatty acids, and lipids. 

The methods of preparing oil bodies comprising active agents, and the 
resulting emulsions of the present invention can be used in a wide range of 

10 applications including in the preparation of personal care and dermatological 
products. Other features and advantages of the present invention will become 
apparent from the following detailed description. It should be understood, 
however, that the detailed description and the specific examples while 
indicating preferred embodiments of the invention are given by way of 

15 illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the art from 
this detailed description. 

DETAILED DESCRIPTION OF THE INVENTION 

As hereinbefore mentioned, the present invention relates to novel 
20 methods for generating formulations comprising oil bodies and active agents. 
The invention also relates to the novel emulsion formulations that are 
prepared from oil bodies. Using the present invention, it is possible to 
partition an active ingredient, for example 20-30% (dry weight active/dry 
weight of oil body), into oil bodies. The inventors have also found that certain 
25 biologically active agents that are reactive and unstable in current 
formulations, are made stable and thereby more effective as personal care 
and dermatological products. The level of loaded active achievable, the 
stabilizing properties of the oil bodies, and the ability to topically deliver novel 
agents make the present invention of considerable use. 



Accordingly, pursuant to the present invention a method for the 
partitioning of active agents into oil bodies is provided in which the method 
comprises: 

(i) dissolving the active agent in a first solvent in an 
5 amount sufficient enough to dissolve the 

active agent; 

(ii) mixing the dissolved active agent with a second 

solvent to obtain a mixture of the first and 
second solvent comprising the active agent; 

10 and 

(iii) contacting said mixture of the first and second 

solvent with oil bodies to partition said active 
agent into said oil bodies. 
In a preferred embodiment said active agent does not partition into oil 
15 bodies when contacted with oil bodies in the absence of a solvent or when 
the active agent is directly dissolved in the first or second solvents. Preferably 
the active agent is further characterized in that the active agent is insoluble, 
or essentially insoluble in water. 

The terms "partition", "partitioning" and "partitioned" as used herein 
20 mean the active is located in the internal oil core, onto the lipid membrane, 
into the lipid membrane or attached to the external surface of the lipid 
membrane of the oil body. 
Oil Bodies 

The term "oil bodies" as used herein means any discrete subcellular oil 
25 or wax storage organelle. The oil bodies may be obtained from any cell 
containing oil bodies or oil body-like organelles. This includes animal cells, 
plant cells, fungal cells, yeast cells (Leber, R. et al. t 1994, Yeast 10: 1421- 
1428), bacterial cells (Pieper-FOrst et a/., 1994, J. Bacterid. 176: 4328 - 4337) 
and algae cells (Roessler, P.G., 1988, J. Phycol. (London) 24: 394-400). In 
30 preferred embodiments of the invention the oil bodies are obtained from a 
plant cell which includes cells from pollens, spores, seed and vegetative plant 
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organs in which oil bodies or oil body-like organelles are present (Huang, 
1992, Ann. Rev. Plant Physiol. 43: 177-200). More preferably, the oil body 
preparation of the subject invention is obtained from a plant seed. Among the 
plant seeds useful herein preferred are those seeds obtainable from plant 

5 species selected from the group of plant species consisting of almond 
(Prunus dulcis); anise (Pimpinella anisum); avocado (Persea spp.); beach nut 
{Fagus sylvatica); borage (also known as evening primrose) (Boragio 
officinalis); Brazil nut (Bertholletia excelsa); candle nut (Aleuritis tiglium); 
carapa (Carapa guineensis); cashew nut (Ancardium occidental?); castor 

10 (Ricinus communis); coconut (Cocus nucifera); coriander (Coriandrum 
sativum); cottonseed (Gossypium spp.); crambe (Crambe abyssinica); Crepis 
alpina; croton (Crofon tiglium); Cuphea spp.; dill (Anethum gravealis); 
Euphorbia lagascae; Dimorphoteca pluvialis; false flax (Camolina sativa); 
fennel (Foeniculum vulgaris); groundnut (Arachis hypogaea); hazelnut 

15 (coryllus avellana); hemp {Cannabis sativa); honesty plant (Lunnaria annua); 
jojoba (Simmondsia chinensis); kapok fruit (Ceiba pentandra); kukui nut 
(Aleuritis moluccana); Lesquerella spp., linseed/flax {Linum usitatissimum); 
macademia nut (Macademia spp.); maize (Zea mays); meadow foam 
(Limnanthes alba); mustard (Brassica spp. and Sinapis alba); oil palm (Elaeis 

20 guineeis); oiticia (Licania rigida); paw paw (Assimina triloba); pecan 
(Juglandaceae spp.); perilla (Perilla frutescens); physic nut (Gatropha 
curcas); pilinut (Canarium ovatum); pine nut (pine spp.); pistachio (Pistachia 
vera); pongam (Bongamin glabra); poppy seed (Papaver soniferum); 
rapeseed (Brassica spp.); safflower (Carthamus tinctorius); sesame seed 

25 (Sesamum indicum); soybean (Glycine max); squash (Cucurbita maxima); sal 
tree (Shorea rubusha); Stokes aster (Stokesia laevis); sunflower (Helianthus 
annuus); tukuma (Astocarya spp.); tung nut (Aleuritis cordata); vernonia 
(Vemonia galamensis); and mixtures thereof. Most preferably the plant seeds 
are from the group of plant species comprising: rapeseed (Brassica spp.), 

30 soybean (Glycine max), sunflower (Helianthus annuus), oil palm (Elaeis 
guineeis), cottonseed (Gossypium spp.), groundnut (Arachis hypogaea). 
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coconut (Cocus nucifera), castor {Ricinus communis), safflower (Carthamus 
tinctorius), mustard (Brassica spp. and Sinapis alba), coriander (Coriandrum 
sativum), squash (Cucurbita maxima), linseed/flax (Linum usitatissimum), 
Brazil nut (Bertholletia excelsa), jojoba (Simmondsia chinensis), maize (Zea 
5 mays), crambe (Crambe abyssinica) and eruca {Eruca sativa). Most 
preferred for use herein are oil bodies prepared from safflower (Carthamus 
tinctorius). 

Plants are grown and allowed to set seed using agricultural cultivation 
practices well known to a person skilled in the art. After harvesting the seed 

10 and, if desired, removal of material such as stones or seed hulls (dehulling), 
by for example sieving or rinsing, and optionally drying of the seed, the seeds 
are subsequently processed by mechanical grinding. Preferably, a liquid 
phase is added prior to grinding of the seeds. This is known as wet milling. 
Preferably the liquid is water, although organic solvents such as ethanol may 

IS also be used. Wet milling in oil extraction processes has been reported for 
seeds from a variety of plant species including: mustard (Aguilar et al 1991, 
Journal of Texture studies 22:59-84), soybean (US Patent 3,971,856; Cater et 
al, 1974, J. Am. Oil Chem. Soc. 51:137-141), peanut (US Patent 4,025,658; 
US Patent 4,362,759), cottonseed (Lawhon et a/., 1977, J. Am. Oil, Chem. 

20 Soc. 54:75-80) and coconut (Kumar et al, 1995, INFORM 6 (11): 121 7-1 240). 
it may also be advantageous to imbibe the seeds for a time period from about 
fifteen minutes to about two days in a liquid phase prior to grinding. Imbibing 
may soften the cell walls and facilitate the grinding process. Imbibition for 
longer time periods may mimic the germination process and result in certain 

25 advantageous alterations in the composition of the seed constituents. 

The seeds are preferably ground using a colloid mill. Besides 
colloid mills, other milling and grinding equipment capable of processing 
industrial scale quantities of seed may also be employed in the here 
described invention including: disk mills, colloid mills, pin mills, orbital mills, 

30 IKA mills and industrial scale homogenizers. The selection of the mill may 
depend on the seed throughput requirements as well as on the source of the 
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seed that is employed. It is of critical importance that seed oil bodies remain 
intact during the grinding process. Therefore, any operating conditions 
commonly employed in oil seed processing, which tend to disrupt oil bodies 
are unsuitable for use in the process of the subject invention. Milling 

5 temperatures are preferably between 10°C and 90°C and more preferably 
between 25°C and 50°C and most preferably between 30°C and 40°C, while 
the pH is preferably maintained between 2.0 and 11, more preferably between 
6.0 and 9.0, and most preferably between 7.0 and 8.0. 

Solid contaminants, such as seed hulls, fibrous material, undisolved 

10 carbohydrates and proteins and other insoluble contaminants are removed 
from the ground seed fraction. Separation of solid contaminants may be 
accomplished using a decantation centrifuge. Depending on the seed 
throughput requirements, the capacity of the decantation centrifuge may be 
varied by using other models of decantation centrifuges, such as 3-phase 

15 decanters. Operating conditions vary depending on the particular centrifuge 
which is employed and must be adjusted so that insoluble contaminating 
materials sediment and remain sedimented upon decantation. A partial 
separation of the oil body phase and liquid phase may be observed under 
these conditions. 

20 Following the removal of insoluble contaminants, the oil body phase is 

separated from the aqueous phase. In one embodiment of the invention a 
tubular bowl centrifuge is employed. In a preferred embodiment a disc stack 
centrifuge is employed. In other embodiments, hydrocyclones, or settling of 
phases under natural gravitation or any other gravity based separation 

25 method may be employed. It is also possible to separate the oil body fraction 
from the aqueous phase employing size exclusion methods, such as filtration, 
for example, membrane ultrafiltration and crossflow microfiltration. A 
important parameter is the size of the ring dam used to operate the centrifuge. 
Ring dams are removable rings with a central circular opening varying, in size 

30 and regulate the separation of the aqueous phase from the oil body phase 
thus governing the purity of the oil body fraction that is obtained. The exact 
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ring dam size employed depends on the type of centrifuge that is used, the 
type of oil seed that is used as well as on the desired final consistency of the 
oil body preparation. In accordance herewith in one embodiment safflower oil 
bodies may be obtained using an SA-7 (Westphalia) disc stack centrifuge in 
5 conjunction with a ring dam size of 73 mm. The efficiency of separation is 
further affected by the flow rate. In this embodiment flow rates are typically 
maintained between 2.0 to 7.0 l/min and temperatures are preferably 
maintained between 26°C and 40°C. Depending on the model centrifuge 
used, flow rates and ring dam sizes can be adjusted so that an optimal 
10 separation of the oil body fraction from the aqueous phase is achieved. 
These adjustments will be readily apparent to a skilled artisan. 

Separation of solids and separation of the aqueous phase from the oil 
body fraction may also be carried out concomitantly using a gravity based 
separation method such as 3-phase tubular bowl centrifuge or a decanter or a 
IS hydrocyclone or a size exclusion based separation method. 

The compositions obtained at this stage in the process, generally are 
relatively crude and comprise numerous seed proteins, which includes 
glycosylated and non-glycosylated proteins and other contaminants such as 
glucosinilates or breakdown products thereof. In preferred embodiments of 
20 the present invention significant amount of seed contaminants are removed. 
To accomplish removal of contaminating seed material, the oil body 
preparation obtained upon separation from the aqueous phase is washed at 
least once by resuspending the oil body fraction and centrifuging the 
resuspended fraction. This process yields what for the purpose of this 
25 application is referred to as a washed oil body preparation. The number of 
washes will generally depend on the desired purity of the oil body fraction. 
Depending on the washing conditions that are employed, an essentially pure 
oil body preparation may be obtained. In such a preparation the only proteins 
present would be oil body proteins. In order to wash the oil body fraction, 
30 tubular bowl centrifuges or other centrifuges such hydrocyclones or disc stack 
centrifuges may be used. Washing of oil bodies may be performed using 
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water, buffer systems, for example, sodium chloride in concentrations 
between 0.01 M and at least 2 M, 0.1 M sodium carbonate at high pH (11-12), 
low salt buffer, such as 50 mM Tris-HCI pH 7.5, organic solvents, detergents 
or any other liquid phase. In embodiments where a high purity oil body 
5 fraction is considered desirable, the washes are preferably performed at high 
pH (11-12). The liquid phase used for washing as well as the washing 
conditions, such as the pH and temperature, may be varied depending on the 
type of seed that is used. Washing at a number of different pH's between pH 
2 and pH 11-12 may be beneficial as this will allow the step-wise removal of 
10 contaminants, in particular proteins'. Washing conditions are selected such 
that the washing step results in the removal of a significant amount of 
contaminants without compromising the structural integrity of the oil bodies. 
In embodiments where more than one washing step is carried out, washing 
conditions may vary for different washing steps. SDS gel electrophoresis or 
15 other analytical techniques may conveniently be used to monitor the removal 
of seed proteins and other contaminants upon washing of the oil bodies. It is 
not necessary to remove all of the aqueous phase between washing steps 
and the final washed oil body preparation may be suspended in water, a 
buffer system, for example, 50 mM Tris-HCI pH 7.5, or any other liquid phase 
20 and if so desired the pH may be adjusted to any pH between pH 2.0 and 11 , 
more preferably between 6.0 and 9.0 and most preferably between 7.0 and 
8.0. 

The process to manufacture the oil body preparation may be 
performed in batch operations or in a continuous flow process. Particularly 

25 when disc stack are used, a system of pumps is set up to generate a 
continuous flow. The pumps may be for example an air operated double 
diaphragm pump, hydraulic, positive displacement or peristaltic pump. In 
order to maintain a supply of homogenous consistency to the decantation 
centrifuge and to the tubular bowl centrifuge, homogenizers, such as an IKA 

30 homogenizer may be added between the separation steps. In-line 
homogenizers may also be added in between various centrifuges or size 
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exclusion based separation equipment employed to wash the oil body 
preparations. Ring dam sizes, buffer compositions, temperature and pH may 
differ in each washing step from the ring dam size employed in the first 
separation step. 

5 

Actives 

In accordance with the present invention a wide variety of biologically 
active ingredients may be formulated with the oil bodies of the present 
invention. The terms "biologically active agent", "actives", "active agent", and 

10 "active ingredient" as used herein mean any agent which when administered 
to a living organism has a detectable biological effect including any 
physiological or pharmacological effect. The terms are meant to include but 
not limited to any pharmaceutical, therapeutic, nutraceutical, dermatological 
or cosmeceutical agent Furthermore, the terms "biological active agent", 

15 "actives", "active agent" and "active ingredient" as used herein refer 
preferably to a compound that is not soluble in an oil body, water, aqueous 
solution, oil, fatty acid or lipid directly, whereas the active is soluble in organic 
solvents. The actives may be capable of enhancing or improving the physical 
appearance, health, fitness or performance of the surface area of the human 

20 body, including the skin, hair, scalp, teeth and nails. Actives can be loaded to 
clinically significant levels, with some capable of loading in excess (20-30% 
dry weight of active/ dry weight of oil body). The amount of active formulated 
will depend on the desired effect and the active that is selected. In general, 
the amount of active varies from 0.0001% (w/w) to about 50% (w/w). More 

25 preferably however the amount of active in the final composition will vary from 
about 0.01% (w/w) to about 20% (w/w) and most preferably from about 0.1% 
(w/w) to about 10% (w/w). Depending on the chemical nature of the active, 
the active may become incorporated in the final formulation in a variety of 
ways, for example an amphipathic active may partition into the phospholipid 

30 membrane of the oil body, while a hydrophobic active may partition into the 
lipid core of the oil body. 
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Preferably the first solvent is removed by evaporation or substantially 
reduced in volume by dilution after mixing with the second solvent Examples 
of methods to evaporate the first solvent include but are not limited to 
exposing the sample to either a stream of compressed air, oxygen or 
5 nitrogen. Preferably the sample is exposed to a stream of nitrogen. 

The oil bodies are incubated with the solvent/active mixture to facilitate 
partitioning of the active into the oil bodies. The incubation is preferably 
performed at a temperature above 0°C and can be performed at room 
temperature or at an elevated temperature. The incubation may be performed 
10 overnight, for example at a temperature of 34-37°C to ensure optimal 
partitioning. 

Hexane extraction may be used to determine the amount of active 
present in the free oil (free oil is defined as oil not contained within oil bodies. 
Note that the intact oil bodies are largely resistant to extraction by hexane 

15 alone). Once the free oil has been removed from the active/oil body fraction, 
an analysis of the total remaining oil may be performed using for example, 
hexane:isopropanol, chloroform, or chloroform:methanol solution extraction. 
The amount of active present in both the free oil fraction and the total oil 
fraction can be determined by a number of methods including, but not limited 

20 to, high performance liquid chromatography (HPLC), spectrophotometry, 
fluorescence, or activity assays depending on the active. By comparing the 
amount of active in both the free oil fraction and the total oil fraction the 
average amount of active incorporated into the intact oil bodies can be 
determined. In general, the efficiency of partitioning of the active into intact 

25 oil bodies varies from about 10 to about 99.9%. More typically however the 
efficiency of partitioning of the active into intact oil bodies will vary from about 
50 to about 99% and most typically from about 90 to about 99. 

The term "hydrophobic" as used herein refers to a substance which is 
not readily absorbed into water. In general, the greater the hydrophobicity, 

t 

30 the greater the tendency of the substance to partition into the hydrophobic 
organic phase. The hydrophobic nature of a molecule may be measured by 
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the molecules partitioning coefficient. Simply put, the partitioning coefficient is 
the ratio of equilibrium concentrations between two immiscible phases in 
contact. More specifically the octanol/water partitioning coefficient (Kow. Powi 
or P. value) is the ratio of a chemical/active's concentration in the octanol 
S phase to its concentration in the aqueous phase of a two-phase octanol/water 
system. A compound with a high P value is considered relatively 
hydrophobic. Since measured values range from <10" 4 to >10 +8 (at least 12 
orders of magnitude), the logarithm (log P) is commonly used to characterize 
its value. 

10 One particularly preferred hydrophobic active, which may be used in 

accordance with the present invention, is clobetasol propionate. Other 
synonyms for clobetasol propionate include, but are hot limited to, Clobesol, 
Clobetasol 17-propionate, (1 1p,16p)-21-chloro-9-fluoro-11-hydroxy-16- 
methyl-17-(1-oxopropoxy)pregna-1 ,4-diene-3,20-dione, Dermoval, 

15 Dermovate, Dermoxin, Dermoxinale, Temovate and derivatives thereof. 
Conditions that clobetasol propionate may be used to treat include 
inflammatory and pruritic manifestations of moderate to severe corticosteroid- 
responsive dermatoses. Examples of these indications include, but are not 
limited to, allergic reactions, atopic dermatitis, contact dermatitis, eczema, 

20 lichen planus, lichen sclerosus, phimosis, pruritis, psoriasis, scalp 
dermatoses, seborrheic dermatitis, and skin irritations. 

Another particularly preferred hydrophobic active, which may be used 
in accordance with the present invention, is diclofenac. Other synonyms for 
diclofenac include, but are not limited to, 2-[(2,6-Dichlorophenyl- 

25 aminojbenzeneacetic acid, [o-2,6-dichloroanilino)phenyll-acetic acid, Voltarol, 
Catafram (diclofenac potassium), Vlotaren (diclofenac sodium), Vlotaren-XR, 
Solaraze, Allvoran, Benfofen, Dealgic, Deflamat, Delphinac, Diclomax, 
Miclometin, Diclophlogont, Diclo-Puren, Dicloreum, Diclo-Spondyril, 
Delobasan, Duravolten, Ecofenac, Effekton, Lexobene. Motifene, Neriodin, 

30 Novapirina, Primofenac, Prophenatin, Rewodina, Rhumalgan, Trabona, 
Tsudohmin, Valetan, Voldal, Xenid and derivatives thereto. Diclofenac is a 
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nonsteroidal anti-inflammatory anagenlc effective in treating fever, pain and 
inflammation in the body. Conditions that diclofenac may be used to treat 
include, but are not limited to, the relief of pain, tenderness, inflammation 
(swelling) and stiffness caused by arthritis and gout, the relief of menstrual 
5 pain and pain after surgery or childbirth, rheumatoid arthritis, osteoarthritis, 
ankylosing spondylitis, postoperative inflammation following cataract or 
corneal reactive surgery and actinic keratosis. 

Still another particularly preferred hydrophobic active, which may be 
used in accordance with the present invention, is dithranol. Other synonyms 
10 for dithranol include, but are not limited to, 1,8-Dihydroxy-9(10H)- 
anthracenone, 1 ,8-dihydroxyanthrone, anthralin, Anthraforte, Anthranol, 
Anthrascalp, Antraderm, Cignolin, Dithrocream®, Drithrocreme, Dirthro- 
Scalp, Micanol, Psoradrate, Prosiderm, Psorin® and derivatives thereto. 
Indications that dithranol may be used to treat include, but are not limited to, 
15 subacute and chronic psoriasis. 

One particularly preferred hydrophobic active, which may be used in 
accordance with the present invention, is retinoic acid. Other synonyms for 
retinolc acid include, but are not limited to, (all-E)-3,7-Dimethyl-9-(2,6,6- 
trimethyl-1-cyclohexen-1-yl)-2,4,6,8-nonatetraenoic acid, vitamin A acid, 
20 tretinoin, Aberel, Airol, Avita, Epi-Aberel, Eudyna, Kerlocal, Renova™, Retin- 
A™, retinol, Vesanoic, and derivatives thereto. Conditions that retinoic acid 
may be used to treat include, but are not limited to, mild to moderate acne 
and the treatment of sun damaged (photoaged) skin (i.e. reducing fine 
wrinkles, mottled hyperpigmentation and roughness associated with 
25 overexposure to the sun). 

In accordance herewith in another embodiment, the anticancer drug 
doxorubicin (alsoknown as Adriamycin) may be used and formulated as an oil 
body emulsion. 

The term "amphiphilic" or "amphipathic" as used herein refers to a 
30 molecule with two distinct components that differ in their affinity for solutes. 
One part of the molecule has an affinity for polar solutes, such as water, and 
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is said to be hydrophilic. A second part of the molecule has an affinity for 
non-polar solutes, such as hydrocarbons, and it is said to be hydrophobic. 
Amphiphilic molecules display a distinct behaviour when interacting with 
water wherein the polar or hydrophilic part of the molecule "seeks" to interact 

5 with the water while the non-polar or hydrophobic part "shuns" interaction with 
water. At low concentrations of an amphiphilic molecule, the amphiphilic 
molecule can arrange itself at the surface of the water such that the polar part 
interacts with the water and the non-polar part is held above the surface 
(either in the air or in a non-polar liquid). As the concentration of amphiphilic 

10 molecules increases the molecules can form aggregates in which the 
hydrophobic portions are oriented within the cluster and the hydrophilic 
portions are exposed to the solvent. These aggregates are referred to as 
micelles. At some concentration, the surface becomes completely loaded 
with amphiphilic molecules and any further addition of molecules must 

15 arrange as micelles. This concentration is referred to as the Critical Micelle 
Concentration (CMC). 

One particularly preferred amphiphilic active, which may be used in 
accordance with the present invention, is amphotericin B. Other synonyms 
for amphotericin B include, but are not limited to, amphotericin B 

20 deoxycholate, Fungizone™ and derivatives thereto. Conditions that 
amphotericin B may be used to treat include, but are not limited to, fungal 
infections. 

One particularly preferred amphiphilic active, which may be used in 
accordance with the present invention, is phosphatidyl choline. Other 
25 synonyms for phosphatidyl choline include, but are not limited to, lecithin and 
derivatives thereto. Phosphatidyl choline is a membrane phospholipid. 
Phosphatidyl choline is found in many skin care products and has been used 
in cosmetic surgery (i.e. injected into fat pads under eyes to minimize 
puffiness). 

30 One particularly preferred amphiphilic active, which may be used in 

accordance with the present invention, is tetracaine Other synonyms for 
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tetracaine include, but are not limited to, amethocaine, 2-dimethylaminoethyl, 
4-(Butylamino)benzoic acid 2-(dimethylamino)ethyl ester monohydrochloride, 
4-(Butylamino)benzoic acid, Anethaine, Butethanol, Tonexol, 4-(butylamino)- 
Benzoic acid, 2-(dimethylamino)ethyl ester, dicain, Decicain, Pontocaine, and 
5 derivatives thereto. Tetracine is an effective local anesthetic for topical 
applications. Examples of these topical applications include, but are not 
limited to, anesthesia prior to venepuncture or venous cannulation, and minor 
eye operations. 

10 Solvents 

The term "first solvent" as used herein refers to the first or initial solvent 
that is used to dissolve the active agent. Preferably the first solvent is an 
organic solvent. Examples of organic solvents, include but are not limited to, 
alcohols, aliphatic hydrocarbons, aromatic hydrocarbons, chlorinated 
15 hydrocarbons, glycols, glycol ethers and their acetates, esters, ethers and 
ketones. Examples of alcohols include, but are not limited to, methanol, 
ethanol and isopropyl alcohol (isopropanol). Examples of aliphatic 
hydrocarbons include, but are not limited to n-hexane. Examples of aromatic 
hydrocarbons include, but are not limited to toluene, xylene, styrene and 
20 benzene. Examples of chlorinated hydrocarbons include, but are not limited 
to perchloroethylene, methylene chloride, carbon tetrachloride, methyl 
chloroform, chloroform, and trichloroethylene. Examples of glycols include, 
but are not limited to, propylene glycol, triethylene glycol, and ethylene glycol. 
Examples of glycol ethers include, but are not limited to butyl cellusolve (2- 
25 butoxyethanol), cellusolve (2-ethoxyethanol), methyl cellusolve (2- 
methoxyethanol), and cellusolve acetate (2-ethoxyethyl acetate). Examples 
of esters include, but are not limited to methyl formate, ethyl acetate, 
isopropyl acetate, methyl acetate, secamylacetate, and isoamyl acetate. 
Examples of ethers include, but are not limited to ethyl ether, tetrahydrofuran, 
30 dloxane and isopropyl ether. Examples of ketones include, but are not limited 
to, acetone, methyl ethyl ketone (MEK), cyclohexanone and isophorone. 
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More preferably the first solvent Is an alcohol or a chlorinated hydrocarbon. 
Most preferably the first solvent is selected from the group of solvents 
consisting of isopropanol, ethanol and chloroform. 

The term "second solvent" as used herein refers to the solvent that is 
5 mixed with the active agent once it is dissolved in the first solvent. The 
second solvent can be any solvent that is compatible with oil bodies. Note 
that the active agent is preferably not directly soluble in oil bodies or the 
second solvent. The second solvent is selected from a group consisting of 
water, aqueous buffer, oils, fatty acids, and lipids. Examples of aqueous 
10 buffers include but are not limited to buffers containing phosphate, phosphate 
buffered saline, carbonate and HEPES (N-[2-hydroxyethyl]piperazine-N'-[2- 
ethanesulfonic acid]). The concentration of salt and pH may need to be 
altered to facilitate partitioning of the active depending on the actives charge. 
Preferably the aqueous buffer used is 50 mM monobasic sodium phosphate, 
15 pH 8.0. Examples of oils include but are not limited to oils from the following 
seed; rapeseed (Brassica spp), soybean (Glycine max), sunflower (Helianthus 
annuus), oil palm (Elaeis guineeis), cottonseed (Gossypium spp.), groundnut 
(Arachis hypogaea), coconut (Cocus nucifera), castor (Ricinus communis), 
safflower (Carthamus tinctorius), mustard {Brassica spp. and Sinapis alba), 
20 coriander (Coriandrum sativum), squash {Cucurbita maxima), linseed/flax 
(Linum usitatissimum), Brazil nut (Bertholletia excelsa), jojoba (Simmondsia 
chinensis), maize (Zea mays), crambe (Crambe abyssinica) and eruca (Eruca 
sativa). Other examples of oils include, but are not limited to, synthetic oils, 
mineral oil, and silicone oil. In a preferred embodiment the second solvent is 
25 safflower oil. The term "fatty acid" is used herein to describe a long 
hydrocarbon chain terminating in a carboxyl group. Fatty acids are the major 
component of lipids such as oils, fats and waxes. Examples of fatty acids 
include, but are not limited to, arachidic acid, arachidonic acid, beenic acid, 
brassidic acid, capric acid, cerotic acid, cetoleic acid, erucic acid, gadoleic 
30 acid, lauric acid, lauroleic acid, lignoceric acid, linoleic acid, linolenic acid, 
margaric acid, melllsic / triacontanoic acid, miristoleic acid, montanic acid, 
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myristic acid, oleic acid, palmitic acid, palmitoleic acid, steric acid, selacoleic 
or nervonic acid, stearic acid. The term "lipids" as used herein refer to a 
general group of organic substances that are insoluble in polar solvents, such 
as water, but readily dissolve in nonpolar organic solvents, such as 
5 chloroform, ether, benzene. Many, although not all, contain fatty acids as 
major structural components. 

The following non-limiting examples are illustrative of the present 

invention: 
EXAMPLES 
10 Example 1 

Obtaining a washed oil body preparation from safflower. 

This example describes the recovery of the oil body fraction from 
safflower. The resulting preparation contains intact washed oil bodies. 

Seed decontamination. A total of 45 kg of dry safflower {Carthamus 
15 tinctorius) seed was washed twice using approximate 120L of 65°C tap water 
and once using approximately 120L of about 15°C tap water. The washing 
was carried out in a barrel with screen mesh to separate the waste water. 

Grinding of seeds. The washed seeds were poured through the 
hopper of a colloid mill (Colloid Mill, MZ-130 (Fryma); capacity: 350 kg/hr), 
20 which was equipped with a MZ-120 crosswise toothed rotor/stator grinding 
set and top loading hopper, while approximately 100 L of 25mM NaH 2 P0 4 
buffer of pH7.0 was supplied through an externally connected hose prior to 
milling. Operation of the mill was at a gap setting of 1 R, chosen to achieve a 
particle size less than 100 micron at 18°C and 30°C. All 45kg of seeds were 

25 ground in 10 minutes 

Homogenization and Removal of solids. The resulting slurry was 
pumped into a knife in-line homogenizer ( Dispax Reactor® DR 3-6/A, IKA® 
Works, Inc.) at a speed about 7L/min. The output slurry was directly fed into 
a decantation centrifuge (NX-314B-31. Alfa-Laval ) after bringing the 

30 centrifuge up to an operating speed of 3250 rpm. In 25 minutes 
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approximately 160 kg of seed ground slurry was decanted. A Watson- 
Marlow (Model 704) peristaltic pump was used for slurry transfer in this step. 

Oil body separation. Separation of the oil body fraction was achieved 
using a disc-stack centrifuge separator (SA 7, Westfalia) equipped with a 

5 three phase separating and self-cleaning bowl and removable ring dam 
series; maximum capacity:83 L/min; ringdam: 69 mm. Operating speed was 
at - 8520 rpm. A Watson-Marlow (Model 704) peristaltic pump was used to 
pump the decanted liquid phase (DL) into the centrifuge after bringing it up to 
operating speed. This results in separation of the decanted liquid phase into 

10 a heavy phase (HP1) comprising water and soluble seed proteins and a light 
phase (LP1) comprising oil bodies. The oil body fraction, which was 
obtained after one pass through the centrifuge, is referred to as an unwashed 
oil body preparation. This unwashed oil body fraction was then passed 
through a static inline mixer, mixing with, 25mM NaH2P04 (pH 7) buffer 

15 (35°C, 4L/min) into a second disc-stack centrifuge separator (SA 7, 
Westfalia); maximum capacity:83 L/min; ringdam: 73 mm. Operating speed 
was at ~ 8520 rpm. The separated light phase (LP2) comprising oilbodies 
was then passed through another static inline mixer mixing with pH8, 50mM 
NaH2P04 buffer (35°C, 4L/min) into the third disc-stack centrifuge separator 

20 (SA 7, Westfalia); maximum capacity:83 L/min; ringdam: 75 mm. Operating 
speed was at - 8520 rpm. The entire procedure was carried out at room 
temperature. The preparations obtained following the second separation are 
all referred to as the washed oil body preparation. Following three washes 
much of the contaminating soluble seed protein was removed. If the oil 

25 bodies are used in a cosmetic formulation, then 0.1% Neolone 950 and 0.1% 
glycacil L may be added as preservatives. 

Example 2 

Partitioning of clobetasol propionate into washed safflower oil bodies. 
30 Washed safflower oil bodies were prepared as described in example 1 . 

Oil bodies were preserved with 0.1% Neolone 950 and 0.1% glycacil L. 
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Clobetasol propionate (CP) (Supplier - Sigma) was weighed (12-30 mg) into a 
clean and dry 16 x 100 mm screw-cap Pyrex test tube and mixed with 300 pi 
of isopropanol then 200 mg of safflower oil. The combined sample was 
vortexed and subsequently incubated at 34°C for 20 minutes. After 

5 incubation, the sample was re-vortexed then dried under nitrogen for 20 
minutes to remove the isopropanol. One ml of washed high dry weight oil 
bodies were added to the CP/safflower oil mixture at room temperature, 
centrifuged briefly to pellet contents to allow for thorough mixing, vortexed 
and further incubated at 34-37°C overnight in an air tight tube to allow for 

10 incorporation of the CP and safflower oil into the oil bodies. A hexane 
extraction was used to determine the amount of CP present in the free oil 
(free oil is defined as oil not contained within oil bodies. Note that the intact 
oil bodies are largely resistant to extraction by hexane alone but all hexane 
extractions of loaded oil bodies must be corrected for damage done to intact 

15 oil bodies by the hexane through corrections using free oil values obtained 
from unloaded oilbodies). Three ml of hexane are added to the tubes and 
the tubes are shaken to mix 32 times. The samples are centrifuged in a 
swinging bucket clinical centrifuge at 3220 x g for one minute to separate 
hexane from the oil body-aqueous phase. Note that the free oil will remain in 

j 

20 the hexane layer (top). The hexane layer is removed to another tube and the 
hexane extraction is repeated on the remaining CP/oil body mixture. Once 
the majority of the solvent from the second extraction is added to the tube 
containing the first extract, the hexane containing tube is transferred to a 
heating block. The hexane was evaporated by subjecting the tubes to a 

25 gentle stream of high purity N 2 gas while heating the block to 40-45°C for at 
least 1.5 hours. Once the free oil was removed from the CP/oil body fraction, 
an analysis of the total remaining oil was performed. The remaining total oil in 
intact oil bodies was determined by adding 4 ml of a 3:2 hexane:isopropanol 
solution (HIP) and shaking to mix vigorously until all of the oil was dissolved in 

30 the HIP solvent (about 10-20 seconds). This was followed by the addition of 
2.5 ml of 6.67% Na2S0 4 (w/v) to the tube and the tube was shaken for 
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another 10 seconds. Phase separation is facilitated by centrifugation for 2 
minutes at 3220 x g in a swinging bucket clinical centrifuge. The organic or 
upper phase is removed to a second test tube using a Pasteur pipette while 
avoiding the transfer of the aqueous phase. Three ml of a 7:2 HIP solution 

5 was added to the original tube containing the aqueous phase and the tube 
shaken for 10 seconds. The tube was centrifuged for 2 minutes at 3220 x g 
and the upper phase is combined with the organic phase retrieved in the first 
HIP extraction. The 7:2 HIP extraction step was repeated. The solvent was 
evaporated from the lipid extract by subjecting the tube containing the 

10 combined organic phases to a gentle stream of compressed N 2 gas while 
heating (40-45°C) in a dry block heater. The tube is weighed after one hour 
and then every 15 minutes after that. When two successive weights are the 
same (± 0.0001 g), then it is assumed that all volatile components have 
evaporated and that only extracted lipids remain. The amount of CP present 

15 in both the free oil fraction and the total oil fraction was determine by high 
performance liquid chromatography (HPLC) at a wave-length of 240 nm and 
then compared to an HPLC standard curve prepared with known amounts of 
CP. By comparing the amount of CP in both the free oil fraction and the total 
oil fraction it was determined that an average of 94.7% of the clobetasol 

20 propionate added was incorporated into the intact oil bodies. The level of 
clobetasol propionate incorporated into the oil bodies as a percentage of dry 
weight is 0.316%. When loading larger volumes of oil bodies, the Cito- 
unguator lab mixer (Gako Konietzko) was found to be particularly efficient at 
mixing the oil with the oil bodies thus promoting efficient loading. 

25 

Example 3 

Partitioning of retinoic acid into washed safflower oil bodies. 

Washed safflower oil bodies were prepared as described in example 1. 
30 Oil bodies were preserved with 0.1% Neolone 950 and 0.1% glycacil L. 
Retinoic acid (RA) (Supplier - Sigma) was weighed (1-8 mg) into a clean and 
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dry 16 x 100 mm screw-cap Pyrex test tube and mixed with 3 ml of 
isopropanol. Safflower oil is added so that there is not more than 5 mg of RA 
per gram of safflower oil. The combined sample was vortexed, placed in a 
40-45°C heating block, then dried under a steady stream of nitrogen until the 
5 isopropanol is removed (about 0.5-1 hour). Next 4 to 5 ml of washed high 
dry weight oil bodies is added to the RA/safflower oil mixture per gram of 
safflower oil used to solubilize the RA. Note that the RA/safflower oil mixture 
was kept in the heating block until immediately before the addition of the oil 
bodies. This oil body mixture is centrifuged briefly to pellet the contents which 
10 allows for thorough mixing of the contents, vortexed and further incubated at 
34-37X overnight in an air tight tube to allow for incorporation of the RA and 
safflower oil into the oil bodies. A hexane extraction was used to determine 
the amount of free oil to determine the amount of un-incorporated RA still 
solubilized in free oil (free oil is defined as oil not contained within oil bodies. 
15 Note that that intact oil bodies are largely resistant to extraction by hexane 
alone but all hexane extractions of loaded oil bodies must be corrected for 
damage done to intact oil bodies by the. hexane through corrections using free 
oil values obtained from unloaded oilbodies). After 3 ml of hexane are added 
to the tubes the tubes are shaken to mix 32 times. The samples are 
20 centrifuged in a swinging bucket clinical centrifuge at 3220 x g for one minute 
to separate hexane form the oil body-aqueous phase. Note that the free oil 
will remain in the hexane layer (top). The hexane layer is removed to another 
tube and the hexane extraction is repeated on the remaining RA/oil body 
mixture. Once the majority of the solvent from the second extraction is added 
25 to the tube containing the first extract, the hexane containing tube is 
transferred to a heating block. The hexane was evaporated by subjecting the 
tubes to a gentle stream of high purity N 2 gas while heating the block to 40- 
45°C for at least 1.5 hours. Once the free oil was removed from the RA/oil 
body fraction, an analysis of the total remaining oil was performed. The 
30 remaining total oil in intact oil bodies was determined by adding 4 ml of a 3:2 
hexane:isopropanol solution (HIP) and shaking to mix vigorously until all of 
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the oil was dissolved in the HIP solvent (about 10-20 seconds). This was 
followed by the addition of 2.5 ml of 6.67% Na 2 S0 4 (w/v) to the tube and the 
tube was shaken for another 10 seconds. Phase separation is facilitated by 
centrifugation for 2 minutes at 3220 x g in a swinging bucket clinical 
5 centrifuge. The organic or upper phase is removed to a second test tube 
using a Pasteur pipette while avoiding the transfer of the aqueous phase. 
Three ml of a 7:2 HIP solution was added to the original tube containing the 
aqueous phase and the tube shaken for 10 seconds. The tube was 
centrifuged for 2 minutes at 3220 x g and the upper phase is combined with 
the organic phase retrieved in the first HIP extraction. The 7:2 HIP extraction 
step was repeated.. The solvent was evaporated from the lipid extract by 
subjecting the tube containing the combined organic phases to a gentle 
stream of compressed N 2 gas while heating (4<M5°C) in a dry block heater. 
The tube is weighed after one hour and then every 15 minutes after that. 
15 When two successive weights are the same (± 0.0001 g), then it is assumed 
that all volatile components have evaporated and that only extracted lipids 
remain. The amount of RA present in both the free oil fraction and the total oil 
fraction was calculated by measuring the absorbance using a spectrometer at 
a wave length of 380 nm and then compared to a standard curve prepared 
20 with known amounts of RA. By comparing the amount of RA recovered from 
the total oil fraction to what was added to the oil bodies, it was determined 
that an average of 94.72% of the RA added was incorporated into the intact 
oil bodies. The level of RA incorporated into the oil bodies as a percentage of 
dry weight is 0.195%. When loading iarger volumes of oil bodies, the Cito- 
25 unguator lab mixer (Gako Konietzko) was found to be particularly efficient at 
mixing die oil with the oil bodies thus promoting efficient loading. 
Example 4 

Partitioning of dithranol into washed safflower oil bodies. 

Washed safflower oil bodies were prepared as described in example 1. 
30 Oil bodies were preserved with 0.1% Neolone 950 and 0.1% glycacil L. 
Dithranol (Supplier - Spectrum) was weighed (1-30 mg) into a clean and dry 
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16 x 100 mm screw-cap Pyrex test tube and mixed with 500 ul of chloroform. 
Safflower oil is added so that there is not more than 9 mg of dithranol per 
gram of safflower oil. The combined sample was vortexed, place in a 40- 
45°C heating block, then dried under a steady stream of nitrogen until the 
5 chloroform is removed (about 1-2 hours with occasional remixing of the 
mixture). Next 4 to 5 ml of washed high dry weight oil bodies containing 0.2% 
L-ascorbic acid (Supplier - Sigma) is added at room temperature to the 
dithranol/safflower oil mixture per gram of safflower oil used to solubilize the 
dithranol. This oil body mixture is centrifuged briefly to pellet the contents to 
10 allow for thorough mixing, vortexed and further incubated at 34-37°C 
overnight in an air tight tube to allow for incorporation of the dithranol and 
safflower oil into the oil bodies. The oil bodies are washed once with an equal 
volume of 50 mM phosphate, pH 8.0, containing 0.2% L-ascorbic acid 
(unincorporated dithranol can pellet in the wash. Dithranol is not soluble in 
15 hexane so hexane extractions will not remove the unincorporated dithranol.) 
and the oil bodies are removed from the top and placed in a fresh tube. A 
hexane extraction was used to determine the amount of free oil indicating the 
efficiency of loading of the oil carrier (free oil is defined as oil not contained 
within oil bodies. Note that the intact oil bodies are largely resistant to 
20 extraction by hexane alone but all hexane extractions of loaded oil bodies 
must be corrected for damage done to intact oil bodies by the hexane through 
corrections using free oil values obtained from unloaded oilbodies). Then 3 ml 
of hexane is added to the tubes and the tubes are shaken 32 times to mix. 
The samples are centrifuged in a swinging bucket clinical centrifuge at 3220 x 
25 g for one minute to separate hexane from the oil body-aqueous phase. Note 
that the free oil will remain in the hexane layer (top). The hexane layer is 
removed to another tube and the hexane extraction is repeated on the 
remaining dithranol/oil body mixture. Once the majority of the solvent from 
the second extraction is added to the tube containing the first extract, the 
30 hexane containing tube is transferred to a heating block. The hexane was 
evaporated by subjecting the tubes to a gentle stream of high purity N 2 gas 
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while heating the block to 40-45X for at least 1.5 hours. Once the free oil 
was removed from the dithranol/oil body fraction, an analysis of the total 
remaining oil was performed. The remaining total oil in intact oil bodies was 
determined by adding 3 ml of chloroform and shaking vigorously to mix, until 
5 all of the oil was dissolved in the solvent (about 10-20 seconds). Phase 
separation is facilitated by centrifugation for 1 minute at 3220 x g in a 
swinging bucket clinical centrifuge. The organic or lower phase is removed to 
a second test tube using a Pasteur pipette, while avoiding the transfer of the 
aqueous phase, and 3 ml of chloroform was added to the original tube 
10 containing the aqueous phase and the tube shaken for 1 0 seconds. The tube 
was centrifuged for 1 minute at 3220 x g and the lower phase is combined 
with the organic phase retrieved in the first chloroform extraction. To the 
original tube containing the aqueous phase 3 ml of a 7:2 hexane:isopropanol 
solution (HIP) was added and the tube was shaken for 10 seconds. The tube 
15 was then centrifuged for 2 minutes at 3220 x g and the upper phase is 
combined with the lower chloroform phase obtained in the first 2 steps. The 
7:2 HIP extraction step was repeated. The solvent was evaporated from the 
lipid extract by subjecting the tube containing the combined organic phases to 
a gentle stream of compressed N 2 gas while heating (40-45°C) in a dry block 
20 heater. The tube is weighed after one hour and then every 15 minutes after 
that. When two successive weights are the same (± 0.0001 g), it is assumed 
that all volatile components have evaporated and that only extracted lipids 
remain. The amount of dithranol present in both the free oil fraction and the 
total oil fraction was calculated by measuring the absorbance using a 
25 spectrometer at a wave length of 376 nm and then compared to a standard 
curve prepared with known amounts of dithranol. By comparing the amount 
of dithranol recovered from the total oil fraction to what was added to the oil 
bodies, it was determined that an average of 95.0% of the dithranol added 
was incorporated into the intact oil bodies. The level of dithranol incorporated 
30 into the oil bodies as a percentage of dry weight is 0.24%. When loading 
larger volumes of oil bodies, the Cito-unguator lab mixer (Gako Konietzko) was 
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found to be particularly efficient at mixing the oil with the oil bodies thus promoting 
efficient loading. 
Example 5 

Partitioning of diclofenac into washed safflower oil bodies. 

5 Washed safflower oil bodies were prepared as described in example 1 . 

Oil bodies were preserved with 0.1% Neolone 950 and 0.1% glycacil L. 
Diclofenac (Supplier - Sigma) was weighed (1-300 mg) into a clean and dry 
16 x 100 mm screw-cap Pyrex test tube and mixed with 10 ml of ethanol and 
3 volumes of phosphate buffer (50 mM monobasic sodium phosphate, pH 8.0, 

10 with 0. 1 % Neolone 950) was added to the ethanol/diclofenac mix. One g of oil 
bodies is added to the buffered ethanol mix at room temperature and the 
sample is mixed well and incubated at 34-37°C overnight in an air tight tube to 
allow for incorporation of the diclofenac into the oil bodies. The oil bodies are 
centrifuged for 10 minutes at 3220 x g to separate them from the buffer 

15 containing the ethanol and presumably the unincorporated diclofenac. The 
buffer portion is removed and the oil bodies are washed twice in 2 volumes of 
50 mM phosphate, pH 8.0 containing 0.1% Neolone 950. A 
chloroform: :methanol (2:1) extraction was used to determine the amount of 
diclofenac contained within the oil extracted from the oil bodies. Then 3 ml of 

20 chloroform::methanol is added to the tubes and the tubes are shaken 
vigorously to mix. The samples are centrifuged in a swinging bucket clinical 
centrifuge at 3220 x g for one minute to separate the solvent from the oil 
body-aqueous phase. The solvent layer is removed to another tube and the 
extraction is repeated twice more on the remaining diclofenac/oil body 

25 mixture. The second and third extractions were added to the tube containing 
the first extract and the tube containing the extracts is transferred to a heating 
block. The solvents were evaporated by subjecting the tubes to a gentle 
stream of high purity N 2 gas while heating the block to 40-45°C for at least 1 .5 
hours. The tube is weighed after one hour and then every 15 minutes after 

30 that. When two successive weights are the same (± 0.0001 g), it is assumed 
that all volatile components have evaporated and that only extracted lipids 
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remain. The amount of diclofenac present in the total oil fraction was 
calculated by measuring the absorbance using a spectrometer at a wave- 
length of 320 nm and then compared to a standard curve prepared with 
known amounts of diclofenac. By comparing the amount of diclofenac 
5 recovered from the total oil fraction to what was added to the oil bodies, it was 
determined that an average of 43.9% of the diclofenac added was 
incorporated into the intact oil bodies. The level of diclofenac incorporated 
into the oil bodies as a percentage of dry weight is 1 .36%. 
Example 6 

10 Partitioning of tetracaine into washed safflower oil bodies. 

Washed safflower oil bodies were prepared as described in example 1. 
Oil bodies were preserved with 0.1% Neolone 950 and 0.1% glycacil L. 
Tetracaine free base(Supplier - Sigma) was weighed (1-200 mg) into a clean 
and dry 16 x 100 mm screw-cap Pyrex test tube and mixed with 1 ml of 

15 isopropanol then 1 gram of safflower oil. Next 3-5 g of high dry weight oil 
bodies are added at room temperature to the tetracaine/oil mix and the 
sample is mixed well and incubated at 34-37°C overnight in an air tight tube to 
allow for incorporation of the tetracaine into the oil bodies. A hexane 
extraction was used to determine the amount of free oil to determine the 

20 amount of un-incorporated tetracaine still solubilized in free oil (free oil is 
defined as oil not contained within oil bodies. Note that that intact oil bodies 
are largely resistant to extraction by hexane alone but all hexane extractions 
of loaded oil bodies must be corrected for damage done to intact oil bodies by 
the hexane through corrections using free oil values obtained from unloaded 

25 oilbodies). After 3 ml of hexane are added to the tubes the tubes are shaken 
to mix 32 times. The samples are centrifuged in a swinging bucket clinical 
centrifuge at 3220 x g for one minute to separate hexane form the oil body- 
aqueous phase. Note that the free oil will remain in the hexane layer (top). 
The hexane layer is removed to another tube and the hexane extraction is 

30 repeated on the remaining tetracaine/oil body mixture. Once the majority of 
the solvent from the second extraction is added to the tube containing the first 
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extract, the hexane containing tube is transferred to a heating block. The 
hexane was evaporated by subjecting the tubes to a gentle stream of high 
purity N 2 gas while heating the block to 40-45°C for at least 1.5 hours. Once 
the free oil was removed from the tetracaine/oil body fraction, an analysis of 
the total remaining oil was performed. The remaining total oil in intact oil 
bodies was determined by adding 4 ml of a 3:2 hexane.isopropanol solution 
(HIP) and shaking to mix vigorously until all of the oil was dissolved in the HIP 
solvent (about 10-20 seconds). This was followed by the addition of 2.5 ml of 
6.67% Na 2 S0 4 (w/v) to the tube and the tube was shaken for another 10 
seconds. Phase separation is facilitated by centrifugation for 2 minutes at 
3220 x g in a swinging bucket clinical centrifuge. The organic or upper phase 
is removed to a second test tube using a Pasteur pipette while avoiding the 
transfer of the aqueous phase. Three ml of a 7:2 HIP solution was added to 
the original tube containing the aqueous phase and the tube shaken for 10 
seconds. The tube was centrifuged for 2 minutes at 3220 x g and the upper 
phase is combined with the organic phase retrieved in the first HIP extraction. 
The 7:2 HIP extraction step was repeated. The solvents were evaporated by 
subjecting the tubes to a gentle stream of high purity N 2 gas while heating the 
block to 40-45°C for at least 1.5 hours. The tube is weighed after one hour 
and then every 15 minutes after that. When two successive weights are the 
same (± 0.0001 g), it is assumed that all volatile components have 
evaporated and that only extracted lipids remain. The amount of tetracaine 
present in the total oil fraction was calculated by measuring the absorbance 
using a spectrometer at a wave-length of 338 nm and then compared to a 
standard curve prepared with known amounts of tetracaine. By comparing 
the amount of tetracaine recovered from the total oil fraction to what was 
added to the oil bodies, it was determined that an average of 90.8% of the 
tetracaine added was incorporated into the intact oil bodies. The level of 
tetracaine incorporated into the oil bodies as a percentage of dry weight 2.43. 
When loading larger volumes of oil bodies, the Cito-unguator lab mixer (Gako 
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Konietzko) was found to be particularly efficient at mixing the oil with the oil bodies 
thus promoting efficient loading. 

While the present invention has been described with reference to what 
are presently considered to be the preferred examples, it is to be understood 
5 that the invention is not limited to the disclosed examples. To the contrary, the 
invention is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
10 individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 



\ 
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WHAT WE CLAIM AS OUR INVENTION IS: 

1. A method of partitioning an active agent into oil bodies, said method 
comprising the steps of 

a) dissolving the active agent in a first solvent in an amount sufficient 
enough to dissolve the active agent; 

b) mixing the dissolved active agent with a second solvent to obtain a 
mixture of the first and second solvent comprising the active agent; and 

c) contacting said mixture of the first and second solvent with oil bodies 
to partition said active agent into said oil bodies. 

2. A method according to claim 1 where said active agent does not partition 

into oil bodies when contacted with oil bodies in the absence of a 
solvent or when the active agent is dissolved in the first solvent or 
second solvent alone. 

3. The method according to claim 2 wherein the active agent is insoluble in 

water. 

4. A method according to claim 1 wherein the amount of said active agent 

partitioned in said oil bodies varies from 0.0001% to 50% (w/v). 

5. A method according to claim 1 wherein the amount of said active agent 

partitioned into said oil bodies varies from 0.1% to 20% (w/v). 

6. A method according to claim 1 wherein the amount of said active agent 

partitioned into said oil bodies varies from 0.1% to 10% (w/v). 

7. A method according to claim 1 wherein the efficiency of partitioning of the 

active into intact oil bodies varies from 10-99%. 
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8. A method according to claim 1 wherein the efficiency of partitioning of the 

active into intact oil bodies varies from 50-99%. 

9. A method according to claim 1 wherein the efficiency of partitioning of the 
5 active into intact oil bodies varies from 90-99%. 

10. A method according to claim 1 wherein said active agent is selected from 

the group of active agents consisting of hydrophobic molecules and 
amphipathic molecules. 

10 

11. A method according to claim 10 wherein said hydrophobic molecule is 

selected from the group consisting of clobetasol propionate, 
diclofenac, dithranol or retinoic acid. 

15 12. A method according to claim 10 wherein said amphipathic molecule is 
selected from the group consisting of amphotericin B, phosphatidyl 
choline and tetracaine. 

13. A method according to claim 1 wherein said first solvent is non- 
20 compatible with oil bodies or undesirable in the final product. 

14. A method according to claim 1 wherein said first solvent is selected from 

the group of organic solvents consisting of an alcohols, aliphatic 
hydrocarbons, aromatic hydrocarbons, chlorinated hydrocarbons, 
25 glycols, glycol ethers and their acetates, esters, ethers and 

ketones. 

15. A method according to claim 14 wherein the first solvent is an alcohol or a 

chlorinated hydrocarbon. 

30 
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16. A method according to claim 14 wherein the first solvent is selected from 

the group consisting of isopropanol, ethanol and chloroform. 

17. A method according to claim 1 wherein said second solvent is selected 
S from the group of solvents consisting of water, aqueous buffer, oils, 

fatty acids, and lipids. 

18. A method according to claim 17 wherein said aqueous buffer is 50 mM 

monobasic sodium phosphate, pH 8.0. 

10 

19. A method according to claim 17 wherein said oil is safflower oil. 

20. A method according to claim 1 wherein said first solvent is substantially 

removed after it has been mixed with the second solvent. 

15 

21. A method according to claim 20 wherein said first solvent is substantially 

removed by evaporation or substantially reduced in volume by 
dilution. 

20 22. A method according to claim 21 wherein the method of evaporation is 
exposing the sample to a stream of nitrogen. 

23. A method according to claim 1 wherein said oil bodies are obtained from 

a cell containing oil bodies or oil body-like organelles. 

25 

24. A method according to claim 23 wherein said cell includes animal cells, 

plant cells, fungal cells, yeast cells, bacterial cells and algae cells. 



25. A method according to claim 24 wherein said plant cell includes cells from 
30 pollens, spores, seed and vegetative plant organs. 
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26. A method according to claim 25 wherein said plant seeds are obtained 
from the group of plant species consisting of rapeseed (Brassica 
spp.), soybean {Glycine max), sunflower {Helianthus annuus), oil 
palm (Elaeis guineeis), cottonseed (Gossypium spp.), groundnut 

5 (Arachis hypogaea), coconut (Cocus nucifera), castor (Ricinus 

communis), safflower (Carthamus tinctorius), mustard (Brassica 
spp. and Sinapis alba), coriander (Coriandmm sativum), squash 
(Cucurbita maxima), linseed/flax (Lirium usitatissimum), Brazil nut 
(Bertholletia excelsa), jojoba (Simmondsia chinensis), maize (Zea 

10 mays), crambe (Crambe abyssinica) and eruca {Eruca sativa). 
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ABSTRACT 

Methods for partitioning active agents into oil bodies are disclosed. 



Document made available under the 
Patent Cooperation Treaty (PCT) 

International application number: PCT/CA04/001792 
International filing date: 04 October 2004 (04.10.2004) 

Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/507,505 

Filing date: 02 October 2003 (02.10.2003) 

Date of receipt at the International Bureau: 12 January 2005 (12.01.2005) 

Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

d BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
d FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

El LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



